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Transmission electron microscopy (TEM)
155 For TEM, we followed the technique described by [19] . Briefly, the cultured 156 ciliates were collected by centrifugation at 1000 x g for 5 min. Cells were fixed in 2.5% 6 159 in saturated aqueous uranyl acetate, dehydrated through a graded acetone series and 160 embedded in Spurr's resin. Semi-thin sections were then cut with an ultratome (Leica Reverse transcriptase-quantitative polymerase chain reaction (RT-qPCR)
305 Aliquots of 10 6 trophonts/mL of P. dicentrarchi were incubated for 10, 60 and 306 240 min with turbot immune serum diluted 1:50 in incomplete L-15 medium. In some 307 experiments, ciliates were incubated for 240 min with 500 M of dibucaine 308 hydrochloride (Sigma-Aldrich). Total RNA was isolated from the trophonts by using the 309 NucleoSpin RNA isolation kit (Macherey-Nagel) according to the manufacturer's 310 instructions. After purification of the RNA, the quality, purity and concentration were 311 measured in a NanoDrop ND-1000 Spectrophotometer (NanoDrop Technologies, USA). 324 program was used, with default parameters, to design and optimize the primer sets.
325 Quantitative PCR mixtures (10 μL) contained 5 μL Kapa SYBR FAST qPCR Master Mix (2X)
326 (Sigma-Aldrich), 300 nM of the primer pair, 1 μL of cDNA and RNase-DNase-free water. 361 Finally, evolutionary analyses were conducted in Mega7 [37] .
362
The results are expressed as means  standard error of the means (SEM). The 363 data were examined by one-way analysis of variance (ANOVA) followed by the Tukey-364 Kramer test for multiple comparisons, and differences were considered significant at 365 =0.05.
367 RESULTS
369
Morphological changes produced in ciliates incubated with immune serum 370 from the host 371 Immunization of turbot with a crude extract of ciliates-CL-generated sufficient 372 levels of antibodies to induce immobilization/agglutination, with peak levels reached 373 after one hour of incubation (Fig. 1) . As already indicated, we used inactivated immune 374 sera to prevent the lytic action of complement and to enable specific study of the 375 processes produced exclusively by the action of the antibodies during agglutination/ 376 immobilization of the trophonts.
377
The presence of agglutinating antibodies caused the agglutinated trophonts to 378 produce a mucoid capsule, which became increasingly evident throughout the 379 incubation period. After two hours of incubation, the ciliates began to emerge from the 380 capsules, showing a normal morphology, and the number of free ciliates increased over 13 381 time. The empty capsules showed the external morphology of the parasite. (Fig. 2) . SEM-382 examination of the agglutination process clearly revealed the superficial changes that 383 take place in the ciliate in the presence of the turbot immune serum over time (Fig. 3) .
384
The addition of the immune serum initially did not seem to affect the ciliates, whose 385 ciliary morphology was apparently unchanged (time 0); however, during the incubation 386 period the trophonts increased in diameter and a layer of gradually thicker amorphous 387 material appeared on the surface. At the end of the process, microphotographs clearly 388 show the presence of structures that maintain the external ciliary morphology but that 389 are hollow. The free ciliates showed a normal ciliary structure (Fig. 3) .
391
Molecular and biochemical characterization of the extrusome proteins 392 P. dicentrarchi has two types of extrusomes associated with the plasma 393 membrane and located at the insertion sites between the alveolar sacs (Fig 4) .
394 Examination by electron microscopy revealed that the extrusomes have spherical 395 morphology (Fig. 4A ) or elongated morphology (Fig. 4B) . Apart from the morphology, 396 the characteristics of the material that these two types of extrusomes contain were also 397 different. Thus, on the one hand, rounded extrusomes contained an electrolucent 398 material (Fig. 4A) , while elongated extrusomes contained greater amounts of 399 electrodense material (Fig. 4B ).
400
In order to identify possible proteins contained in the extrusomes, we used RNA 401 sequencing technology. This enabled us to sequence the entire transcriptome of the 402 ciliates and to locate the protein sequences that may be related to the extrusomes. After 403 annotation of the genes that encode proteins of the parasite, using the BLASTx tool, we 404 were able to detect proteins associated with extrusomes in other ciliates. Thus, 405 homology analysis enabled us to detect two types of proteins related to extrusomes: 1)
406 P. dicentrarchi trichocyst matrix protein T2-A (TMPT2A) (accession MH412657.1) 407 encoded by an 1134 bp mRNA that generates a protein of 377 aa (Fig. 4C) , of molecular 408 weight 43502.79 daltons and a theoretical pI of 4.96 (Fig. 4E) . This protein has a signal 409 peptide between position 1 and 18 ( 415 (accession MH412658.1) encoded by an 1113 bp mRNA and possesses 370 aa (Fig. 4D) 416 of molecular weight of 41996.11 daltons and a theorical pI of 4.90 (Fig. 4F) . The modeling 417 of the structure of the proteins, using the Swiss-model, indicates that the oligomeric 418 state of the two P. dicentrarchi trichocyst matrix proteins is monomeric. The protein has 419 a signal peptide located between aa 1-16, according to the prediction by the Phobius 420 program (Fig. 4D) ; however, the Signal-3L program predicts a signal peptide between aa 
432
The TMPT2A and TMPT4B proteins displayed very low sequence identity (23%).
433
The sequence identity was also very low in comparison with other ciliated proteins (e.g.
434 Paramecium, Ichtthyophthirius and Tetrahymena) with maximum sequence identity 435 scarcely exceeding 30%, for TMPT2A and TMPT4B (Figs. 5A, B; 6A, B) . Phylogenetically, 436 the TMPT2A protein is closer to Paramecium (Fig. 5C ), while the TMPT4B protein is more 437 phylogenetically spaced with the other ciliates analyzed (Fig. 6C) .
438
When the ciliates incubated with turbot immune serum were stained with 439 safranin-O dye, a progressive and time-dependent increase in the intensity of staining 440 both in the cytoplasm and in the external material surrounding the ciliate was observed 441 (Fig. 7) . 449 protein in the yeast (Fig. 8A) , which was used to generate antisera in mice to enable us 450 to perform experiments to study expression of this protein after incubation with the 451 antiserum (Fig. 8B) and to determine the cytolocation (Fig. 8C) .
452
First, the recombinant protein expressed by yeast has the biochemical 453 characteristics (e.g. molecular size) predicted for the original sequence obtained from 454 the ciliate, which indicates that this protein expression system is optimal for the 455 heterologous expression of this type of eukaryotic proteins (Fig. 8A) . On the other hand, 456 the antibodies generated in mice against the rTMPT2A protein demonstrated that the 457 material produced after incubation of ciliates with the turbot immune serum is related 458 to this protein, as demonstrated by the FELISA assay, in which the absorbance levels of 459 these antibodies increase during the period of incubation with the immune serum from 460 turbot (Fig. 8B) . By using immunofluorescence, an increase in fluorescence was 461 observed in both the cytoplasm of the agglutinated ciliates and in the material 462 associated with the outer surface throughout the incubation period (Fig. 8C) . 469 Incubation of the ciliates with the turbot immune serum produced a significant increase 470 in the mRNA levels of the genes encoding these proteins throughout the incubation 471 period (Fig. 9A) . Dibucaine, included as a positive control for the induction of extrusion, 472 also had a stimulatory effect on the expression of both mRNA levels relative to the all 16 473 trichocyst genes; however, the absolute mean values of increase were higher for the 474 TMPT2A gene than for the TMPT4B gene (Fig. 9A ).
475
Finally, we analyzed the effect of the addition of turbot immune serum on the 476 intracellular Ca 2+ discharge by using the Fluo-4NW probe. Incubation of the trophonts 477 with the turbot immune serum induced discharge of intracellular Ca 2+ discharge, as 478 evidenced by the increase in fluorescence levels throughout the incubation time, while 479 the fluorescence increased only slightly over time in the ciliates not exposed to the 480 serum (Fig. 9B) . 
509
The appearance of capsules during agglutination of the P. dicentrarchi trophonts 510 with immune serum suggests that the host antibodies induce the mucocysts to extrude 511 their mucilaginous content. This material is deposited on the surface of the ciliate 512 forming a protective layer, which eventually became a rigid capsule with an external 513 topology identical to that of the ciliate and which protects it from agglutination. This 514 process was clearly observed in this study by both optical microscopy and SEM.
515
In ciliates such as Paramecium, trichocysts are characterized by a highly 516 constrained shape that reflects the crystalline organization of the proteins that they 517 contain and that are derived from the process of a broad family of precursor proteins 518 (coded by a family of some 100 coexpressed genes) that allow correct processing of the 
559
In conclusion, our findings indicate that P. dicentrarchi can overcome the 560 agglutination generated by the specific antibodies produced by the host by generating 561 capsules through the extrusome-mediated secretion of O-glycosylated matrix proteins 562 that possess mucin-like characteristics, and whose release is regulated through Ca +2 -563 mediated signalling. The findings show that the ciliate uses exocytosis as a defence 564 mechanism that probably allows evasion of the host immune response. Likewise, 565 analysis of the extrusome matrix proteins in yeast by heterologous production 566 technology, which has the advantage of producing glycosylated proteins, will allow us 567 to develop recombinant proteins of potential use in vaccines for the immunoprophylaxis 568 of scuticociliatosis in turbot.
